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Abstract 
Good indoor air quality is very essential to shoppers. In order to characterize the indoor air quality in shopping malls, a typical 
shopping mall in Changsha city was selected for this study. Indoor/outdoor PM2.5 concentrations and meteorology parameters 
were monitored in autumn, 2014. Diurnal variation of PM2.5 concentration in both indoor different functional areas and outdoor 
air were discussed. Outdoor average PM2.5 concentration at any time was higher than that of indoor. Indoor average PM2.5 
concentration on weekend were greater than that of weekday. Among different functional areas, the average PM2.5 concentration 
of cosmetics area was the highest, followed by dining area, public walkway, clothes area and shoes& bags area. Moreover , the 
impacts of meteorology parameters on indoor PM2.5 concentrations were analyzed. Temperature˄R2=0.354˅ and wind speed
˄R2=0.285˅showed moderate dependence with indoor PM2.5 concentrations. However, relative humidity(R2=0.075) and 
barometric pressure˄R2=0.047˅showed weak correlation. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
Keywords: Indoor air quality; PM2.5; Shopping mall; Meteorology parameters; Concentration variations 
1. Introduction 
With the rapid development of economy in China, more and more large-scale shopping malls or shopping centers 
were constructed. The shopping levels have been greatly improved. Services and functional structure of large-scale 
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shopping malls have been fully developed from entertaining, oversized or upscale to integrate entertainment, dining, 
shopping to one-stop service features to pursue for safe, comfortable and pleasant shopping. 
In recent years, fog and haze weather appeared frequently in China. PM2.5 concentrations exceeded the limit 
values shown in the instrument across the country. Changsha city in Hunan province was shrouded by continuous 
fog and haze weather inevitably especially in autumn or winter. PM2.5˄particles with aerodynamic diameter< 
2.5μm˅which was with small size(compared to PM10) and rich in a lot of toxic and hazardous substances has been 
concerned with various adverse effects on human health, indoor air quality, urban visibility and climate[1,2]. A lot of 
studies showed that morbidity and mortality of human disease has strong correlation with atmospheric PM pollution 
[3,4,5]. In a large cohort study with a follow-up period of 16 years by American Cancer Society Study, each 
additional 10μg/m3 of PM2.5 concentration led to an increase of cardiovascular mortality by 8-18%[6].  
In shopping malls, customers spend their time ranging from a few minutes to a few hours while the shop 
assistants spend 8 hours even longer. Paying close attention to the customer’s comfort has become the focus chase of 
business people in constant pursuit of profit. Creating a healthy and comfortable shopping environment is not only to 
protect public health, but also help to improve the economic effects of business. Therefore, it is essential to reveal 
the fine particulate matter pollution inside and outside the shopping malls to protect the health of shoppers and 
workers. 
2. Methods 
2.1. Current research progress of indoor air quality in shopping malls 
Shopping malls are the general name of public buildings that provide trading places for the production and supply 
of various commodities for social life[7]. Personnel density of shopping malls is often far more than residential and 
office buildings. Carbon dioxide and body odor which were produced by the human body, dust and bacteria when 
shoppers entered the mall and the goods, various pollutants emitted by decorative materials couldn’t be effectively 
diluted because of the unreasonable air conditioning system. It can easily lead to deterioration of indoor air quality 
and other related issues which were bad for the health of customers and staff. It was even more serious when on 
weekends. 
Li[8] selected nine shopping mall in Hong Kong for indoor air quality study. CO2, CO, PM10, HCHO, THL were 
collected on both weekdays and weekends. It was found that more than 40% of the shopping malls had 1-h average 
CO2 levels above the 1000 ppm of the ASHRAE standard and the highest indoor PM10 level at a mall was 380μg/m3 
which was exceeded the Hong Kong Indoor Air Quality Objective. Yan[9] detected the concentrations of PM10 and 
PM2.5 inside and outside of ten shopping centres in Xi’an. The results showed that the PM concentrations exceeded 
the relevant standard in different degrees. Wen [10] thought shoppers density and indoor cooking activities inside a 
shopping mall effected the indoor PM levels obviously by collecting PM10, PM2.5 and PM1 concentrations in three 
shopping malls in Shanghai. It was found that there exist problems of large difference in temperature between 
storeys of the building and insufficient ventilation rate in Shanghai [11]. Jang[12] showed that there existed great 
discrepancies between work staff and customers about subjective evaluations on indoor environment. 
Obviously, most present investigations focused on subjective investigations for 1990s shopping malls or 
emphasized the measurements of the indoor temperature, the relative humidity, CO2, PM10 or other parameters. 
Therefore, it is necessary to have in-depth investigation of PM2.5 concentration in functional areas of shopping malls 
which was built around or after the yeas of 2005. A typical large-scale shopping mall located in the downtown of 
Changsha city was selected for the study. The PM2.5 concentrations among different functional areas were collected 
on both weekend and weekday. 
2.2. Field study 
The selected shopping mall is from B1 to 9F with over 60,000 square meters and with shopping, dining, 
entertainment and leisure areas. A centralized ventilation and air conditioning system was designed for the building. 
During the field study, there were no smokers and the air conditioning system has been running. Typical areas such 
as shoes&bags area, clothes area, dining area and cosmetics area were selected as sampling sites of PM2.5 
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concentrations. General characteristics of sites in building were shown in Table1. SIDEPAK AM510 Aerosol 
monitor (TSI Incorporated, USA) with a 2.5μm inlet was adopt to measure the real-time PM2.5 concentrations of air. 
The meteorological parameters such as temperature, relative humidity and wind speed were collected by 
VELOCICALC 8347(TSI Incorporated, USA). Aneroid barometer (China) was used to obtain atmospheric pressure 
values. 
Table 1. General characteristics of sites 
Site No. No. of floors Site feature 
S1 B1 Women shoes area  
S2 B1 Cosmetic area 
S3 B1 Dining area 
S4 B1 Public walkway 
S5 5 Men shoes area 
S6 5 Men bags area 
S7 5 Clothes area 
S8 5 Public walkway 
S9 8 Children's Playground 
S10 8 Children's clothing area 
S11 8 Dining area 
S12 8 Public walkway 
O 1 Outdoor air 
The survey was conducted during October 12~13, 2014 from 10:00 to 22:00 with 90 minutes as a time interval. 
Each measurement time was set to 3 min. The height of measurement site was between 1.2~1.5m. The shopping 
mall was with 9 floors in total and B1, 5F and 8F were selected as measurement floors. Four sites were measured in 
each floor. The data of outdoor site was the average data of east, south, west and north. Filed measurement 
appearances were shown in Fig.1. 
 
                 
(a) Shoes area test site                                (b) Clothes area test site                                (c) Dining area test site 
Fig. 1. Appearance of measurement for PM2.5 
3. Results and discussion 
3.1. Spatial variation 
The average PM2.5 concentration in B1, 5F and 8F were presented in Fig.2. The maximum average PM2.5 
concentration was found in B1, followed by 8F and 5F. The maximum PM2.5 concentration in B1 was seen during 
13:00~14:30(217μg/m3), whereas the minimum value was found during 17:30~19:00˄165μg/m3˅. The maximum 
and minimum PM2.5 concentration of 8F and 5F were during 11:30~13:00 and 20:30~22:00 respectively. It was 
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observed that B1 was with cosmetics area and an open dining area and a large number of shopping customers come 
to have lunch or dinner. This was bound to affect the overall PM2.5 concentration in the layer. The dining area in 8F 
showed a poor impact on other functional areas because of a spatial interval. Men shoes, bags and clothes were set in 
5F where shopping customers were less than in other areas to some extent. Suspended particulate matter caused by 
human activities was relatively poor, and the average PM2.5 concentration in 5F was the lowest. 
 
           
      Fig. 2. Average PM2.5 concentration in B1, 5F and 8F                             Fig. 3. Average PM2.5 concentration in different functional areas 
Fig.3 showed that all functional areas except public walkway were with maximum PM2.5 concentration during 
11:30~13:00. The PM2.5 concentration of cosmetics area was found to be the highest(244μg/m3) followed by dining 
area(199μg/m3), public walkway(160μg/m3), clothes area(146μg/m3) and shoes&bags area(139μg/m3). These 
variation characteristics were closely related to the objects activities in different areas. Female customers flocked to 
the cosmetic area especially on weekend. Human activities such as sitting and walking might affect migration and 
movement of fine particulate matter. Cooking activities in dining area would produce a lot of smoke which caused 
direct contamination of indoor environment. Since there were no obvious sources of pollution and a relatively less 
number of shopping customers in clothes area and shoes&bags, the annual PM2.5 concentration was lower. 
3.2. Variation of average indoor/outdoor PM2.5 concentration 
The average indoor/outdoor PM2.5 concentrations were showed in Fig.4. The outdoor average PM2.5 
concentrations were higher than that of indoors with an average deviation of 160±19μg/m3.The minimum outdoor 
and indoor annual average PM2.5 concentration˄ 302μg/m3 and157μg/m3,respectively˅ were found during 
17:30~19:00. The maximum outdoor average PM2.5 concentration (383μg/m3) was found during 11:30~13:00. 
However, the maximum indoor average PM2.5 concentration (180μg/m3) was seen during 13:00~14:30. Usually, 8:00, 
12:00 and 18:00 were the rush hour with heavy vehicle exhaust. However, concentration lag phenomenon was found 
because there was a certain distance away from the artery of communications[13]. These showed that the indoor 
particle concentration was mainly influenced by outside sources. 
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Fig. 4. Average indoor/outdoor PM2.5 concentration 
3.3. Variation during weekday and weekend 
Fig.5 and Fig.6 showed outdoor and indoor PM2.5 concentrations during weekday and weekend. Outdoor and 
indoor PM2.5 concentrations during weekend were substantially higher than the corresponding levels during weekday 
with a mean deviation 134±55μg/m3 and 165±9μg/m3 respectively. It was concluded that PM2.5 concentrations 
during weekend were higher than the corresponding levels during weekday in spite of indoor or outdoor. This was 
mainly because elevated indoor PM2.5 concentrations during weekend was predominantly generated by the activities 
such as movement of shopping occupants. Austen[14] pointed out that the human body was an important source of 
particles with particle (greater than 0.3μm) incidence of 105/min at rest and 2.5×106/min with completing standing 
up and sitting down movements and the number of particles would be greatly increased when walking. 
 
               
Fig. 5. Outdoor PM2.5 concentrations during weekday and weekend      Fig.6. Indoor PM2.5 concentrations during weekday and weekend 
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3.4. Indoor/Outdoor PM2.5 ratios 
Indoor to outdoor PM2.5 concentration ratio(I/O) was often used to describe the temporal dynamics between 
indoor and outdoor air pollution of all the measurement sites[15,16]. If I/O ratio was less than 1, it indicated that the 
indoor PM was mainly affected by outdoor particles. If not, indoor PM  was mainly caused by the interior 
sources[17,18]. I/O ratio vales of all sites were within 0.46 to 0.52.This suggests that indoor particulate matter was 
mainly influenced by outdoor particulate matter which was affected by traffic dust and the impact of nearby 
constructions. Therefore, indoor and outdoor PM2.5 concentrations values in the field measurement were rather lager. 
3.5. Impact of meteorology on PM2.5 concentration 
The PM concentration was significantly affected by the distribution and intensity of pollution sources and 
meteorological factors. On the basis of constant pollution sources, the meteorological conditions were the main 
factors influencing the concentration of pollutants in the atmosphere[19,20]. It was found that ambient 
temperature(R2˙0.354), wind speed(R2˙0.285) and PM2.5 concentration were moderately correlated. However, 
relative humidity(R2˙0.075), barometric pressure(R2˙0.047) and PM2.5 concentration were poorly correlated. 
These were consistent with the researches of Chan [21] and Chithra and Shiva Nagendra [22]˄R2˙0.0237ˈ
0.192˅. 
4. Conclusions 
(1)During the sampling period of shopping mall in autumn, the outdoor PM2.5 concentrations were greater than 
that of indoor and PM2.5 concentrations on weekend were greater than that on weekday. The maximum PM2.5 
concentrations both indoor and outdoor were during the period 11:30~14:30 whereas the minimum values were 
found during 17:30~19:00.This was the combined effect of local meteorological characteristics and indoor activities. 
(2)During different functional areas, the average PM2.5 concentration of cosmetics area was the highest, followed 
by dining area, public walkway, clothes area and shoes& bags area. These was closely related to objects activities in 
different areas. 
(3)Correlation analysis between meteorology parameters and PM2.5 concentration showed that ambient 
temperature, wind speed and PM2.5 concentration were moderately correlated. Relative humidity, barometric 
pressure and PM2.5 concentration were weakly correlated. Pollutants were usually subject to the effects of a variety 
of factors combined with atmospheric motions. 
(4) Indoor fine particulate matter pollution was mainly influenced by the combined effect of indoor human 
activities and outdoor sources. The indoor and outdoor PM2.5 mass concentrations were obtained in this study were 
exceed than the standard established by China [23]. It is necessary to control the emission of pollutants and reduce 
the impact of outdoor air quality to indoor air quality . 
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